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OBJECTIVES: To analyze the histological changes observed in venous grafts subjected to arterial blood flow as a
function of the duration of the postoperative period to optimize their use in free flap reconstructions.
METHOD: Twenty-five rats (7 females and 18 males) underwent surgery. Surgeries were performed on one
animal per week. Five weeks after the first surgery, the same five animals were subjected to an additional
surgery to assess the presence or absence of blood flow through the vascular loop, and samples were collected
for histological analysis. This cycle was performed five times.
RESULTS: Of the rats euthanized four to five weeks after the first surgery, no blood flow was observed through
the graft in 80% of the cases. In the group euthanized three weeks after the first surgery, no blood flow was
observed in 20% of the cases. In the groups euthanized one to two weeks after the first surgery, blood flow
through the vascular loop was observed in all animals. Moreover, intimal proliferation tended to increase with
the duration of the postoperative period. Two weeks after surgery, intimal proliferation increased slightly,
whereas strong intimal proliferation was observed in all rats evaluated five weeks after surgery.
CONCLUSION: Intimal proliferation was the most significant change noted in venous grafts as a function of the
duration of the postoperative period and was directly correlated with graft occlusion. In cases in which vascular
loops are required during free flap reconstruction, both procedures should preferably be performed during the
same surgery.
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’ INTRODUCTION
Arteriovenous anastomosis is a procedure performed by
various medical specialties and represents an optional
treatment for different diseases. This procedure is used for
the creation of fistulas in patients with chronic renal failure
who require dialysis (1), in coronary artery bypass graft
procedures, in free flap reconstruction (2,3), and for the
repair of traumatic arterial lesions in general, including
reimplantation and emergency revascularization.
One of the most important complications of this procedure
is graft thrombosis, which may lead to treatment failure (4).
Sterpetti et al. (4) reported that the rates of thrombosis of
arteriovenous anastomoses one year after the procedure
varied between 20% and 50%. One of the factors that may
lead to such complications is intimal hyperplasia. This cel-
lular proliferation phenomenon, which is also known as graft
arterialization, is due to the increased pressure gradient in
the graft after anastomosis.
The aim of this study was to analyze the histological
changes observed in venous grafts subjected to arterial blood
flow as a function of the duration of the postoperative period
and therefore optimize their use in free flap reconstructions.
’ MATERIALS AND METHODS
A total of 25 Wistar rats underwent surgery (7 females and
18 males), with a mean weight of 344 (248–440) grams imme-
diately before the procedure.
Anastomoses were performed by the same surgeon in a
microsurgery laboratory under the supervision of technicians.
One animal per week underwent surgery. Five weeks after
the first surgery, the same five animals were subjected to an
additional surgery to assess the presence or absence of bloodDOI: 10.6061/clinics/2017(09)03
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flow through the vascular loop and collect samples for histo-
logical analysis. The rats were euthanized after this second
surgical procedure. This cycle was performed five times to
obtain five distinct animal groups, each containing five
animals. The first, second, third, fourth, and fifth groups
were sacrificed one, two, three, four, and five weeks after the
anastomosis, respectively.
The guidelines for euthanasia outlined by the Brazilian
College of Animal Experimentation (Colégio Brasileiro de
Experimentac¸ão Animal–COBEA) (1999) were followed. At
the end of the surgical procedure and while the animals were
still anesthetized, thiopental was administered intraperito-
neally to induce deep anesthesia followed by euthanasia
through intracardiac administration of potassium chloride.
The samples collected for histological analysis included the
left carotid artery containing the venous graft and the deep
branch of the left jugular vein (the vein contralateral to that
used as the graft served as a control for the evaluation of
histological changes in the graft).
The samples obtained from each animal were identified,
transferred to a test tube containing formalin, and used to
prepare the histological slides. The samples were fixed in
buffered 10% formalin and subjected to histological analysis.
The vascular segment was fixed without sectioning. Five-
micrometer histological sections were prepared and stained
with hematoxylin and eosin using standard protocols. The
histological analysis involved the semi-quantitative evalua-
tion of the following variables: inflammatory infiltrates, vas-
cular proliferation, fibrosis, intimal proliferation, and foreign
body giant cell reactions. The semi-quantitative evaluation
involved scoring the intensity of these variables using a scale
ranging from 0 to 3, such that 0 indicated no intensity,
1 indicated mild intensity (1%–30%), 2 indicated moderate
intensity (30%–60%), and 3 indicated severe intensity (grea-
ter than 60%). The presence of thrombi and pseudoaneur-
ysms was also analyzed in the anastomosis area.
The inflammatory infiltrates had a mixed pattern and
primarily contained neutrophils, lymphocytes, and plasma
cells. Quantification, which was classified as mild, moderate,
or severe, was determined by measuring the percentage of
inflammatory infiltrates present in the anastomosis area. The
degree of intimal proliferation was assessed according to the
degree of intimal hyperplasia and the degree of protrusion
into the vascular lumen. Foreign body giant cell reactions,
i.e., reactions around foreign bodies that involve histiocytes
and giant cells and that from granulomas, was evaluated
using the same criteria used for the inflammatory infiltrates.
The quantification of fibrosis (hyalinized fibrosis and reactive
fibroplasia) and vascular proliferation (proliferation of the
capillaries in the wall of the animal) was assessed by calcu-
lating the percentage of fibrosis and proliferation in the wall
of the anastomosis area.
Surgical procedure
Anesthesia was performed through intramuscular admin-
istration of 10 mg/kg xylazine and 50–75 mg/kg ketamine.
After the animals were anesthetized, they were placed in the
supine position, and then the skin was shaved and prepped
with a local antiseptic and anesthetic.
A transverse incision at the base of the neck (shoulder to
shoulder) was used as the access route. The trifurcation of
the right external jugular vein was identified, and then its
deep branch (mandibular) was dissected until the bifurcation
was reached and connected at both ends. The distal end of
the mandibular branch was sectioned, and the vessel lumen
was irrigated with saline to prevent thrombus formation in
the lumen.
On the contralateral side, the left carotid artery was
identified and dissected. A surgical drape was placed under
the left carotid artery, and a double clamp was placed on this
vessel.
The proximal end of the venous graft (the mandibular
branch of the right external jugular vein) was sectioned and
fully freed. The direction of the graft was reversed, and the
graft was placed on the surgical drape next to the left carotid
artery.
Two arteriotomies were conducted, and the vessel was
flushed with saline. The venous graft was sutured to the
arteriotomies using two end-to-side anastomoses with
10.0 nylon sutures, and six sutures were used for each
anastomosis.
Subsequently, an additional suture was used to connect the
carotid artery to the two end-to-side anastomoses (Figure 1).
The clamp was removed, and anastomosis patency was
evaluated.
The wound was closed using simple non-absorbable wire
sutures (nylon 4-0).
Ehics
This study was approved by the Research Ethics Commit-
tee (number 043/14), and all animals were maintained in an
animal facility with water and food ad libitum.
’ RESULTS
In the first procedure, after the release of the clamp,
adequate blood flow was observed in all cases.
In the group of rats sacrificed five weeks after the first
surgery, blood flow was not observed through the graft in
four animals (80%). A similar result was observed in the rats
sacrificed four weeks after the initial surgery. In animals
sacrificed three weeks after the initial surgery, blood flow
Figure 1 - Final aspect of the surgical procedure. C – left carotid;
E – venous graft; a – end-to-side anastomoses; small arrow – blood
flow direction; large arrow – suture connecting the carotid artery
to the end-to-side anastomoses.
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was absent in only one animal (20%). In addition, blood flow
was observed in the vascular loop in all animals in which the
second surgery was conducted one to two weeks after the
first surgery (Table 1).
In rat No. 25, blood flow was observed in the venous graft
during the second surgery. However, the histological ana-
lysis indicated the presence of a thrombus in the vascular
loop. In the remaining rats for which a thrombus was visua-
lized during the histological examination, blood flow through
the graft was not observed during the second procedure
(Table 2).
In the group sacrificed five weeks after the first surgery,
the increase in vascular proliferation and intimal prolifera-
tion was moderate to severe in all animals evaluated (Figure 2).
This group also presented the most significant changes in
inflammatory infiltrates and fibrosis.
No pseudoaneurysms occurred in any of the cases eval-
uated, and granulomatous reactions to foreign bodies did not
correlate with the duration of the postoperative period, i.e.,
they occurred at random.
The analysis by sex indicated that of the seven females
and 18 males with follow-up, four females (57.15%) and five
males (27.78%) exhibited no blood flow in the venous graft
during the second procedure.
’ DISCUSSION
Intimal hyperplasia is observed in venous segments after
arteriovenous anastomoses. It is one of the leading complica-
tions associated with stenosis during coronary surgery (5)
and leads to decreased blood flow and possible thrombosis
(6). Intimal hyperplasia is considered the main cause of
failure of arteriovenous fistulas.
Studies have been developed to elucidate the mechanism
of venous graft wall thickening after the passage of arterial
blood through the graft (a phenomenon known as arteriali-
zation). Numerous authors have designated the progressive
changes that lead to obstruction as ‘‘venous graft disease.’’
These studies have primarily been conducted by cardiac
surgery teams to prevent bypass graft loss (7-10).
The results observed in our study corroborate the findings
of previous studies. We observed an increase in intimal
proliferation in seven of the eight histological analyses of rats
with failure of the vascular loop (one rat without blood flow
could not be evaluated histologically due to a problem
during the preparation of the slide).
We also noted that intimal proliferation tended to increase
as the postoperative period increased. In two weeks, only a
slight increase in the intima was observed, whereas intimal
proliferation increased in all rats evaluated after five weeks.
Similar results were observed by Wong et al. (1), who con-
ducted an experimental study where arteriovenous fistulas
were created in rats and then collected for analysis at 7, 14,
and 28 days postoperatively. In their study, significant chan-
ges were observed in the intima after seven days. Further-
more, significant hyperplasia was observed two weeks after
surgery.
Other changes observed included inflammatory infiltrates,
granulomatous reactions to foreign bodies, fibrosis, and vas-
cular proliferation. Among these changes, vascular prolifera-
tion also increased during the postoperative period.
In the rats with 4 and 5 weeks of postoperative recovery,
4 of the 5 (80%) grafts were occluded in each group. How-
ever, inflammatory infiltrates and fibrosis were more evident
in the 5-week group. This result suggests that graft occlusion
may increase inflammation and fibrosis, but the opposite
effect (i.e., that inflammation and fibrosis would contribute
to graft failure) does not occur, as would be expected.
In our study, of the seven female and 18 male rats eval-
uated, four females (57.15%) and five males (27.78%) experi-
enced complications in the vascular loop. In this respect,
previous studies have demonstrated that women are more
likely to develop an occlusion of saphenous vein grafts
(11,12).
Several studies have evaluated the use of arteriovenous
loops in free flap reconstructions (2,3,13-20). These loops can
be used at a stage in which the loop and free flap recon-
struction are conducted simultaneously or in two stages,
where the arteriovenous loop is conducted first, and free
flap reconstruction is performed during a second surgery.
Table 2 - Histological evaluation of rats with occlusion of the vascular loop.
Rat No. Sex Initial
weight
Period until
euthanasia
Blood flow through
the vascular loop during
the second surgery
Inflammatory
infiltrates
Fibrosis Vascular
proliferation
Intimal
proliferation
6 Male 372 5 Absent 2 2 2 2
12 Female 295 5 Absent 1 2 2 2
13 Female 280 4 Absent 2 1 2 2
17 Male 355 5 Absent 2 1 2 2
18 Male 380 4 Absent 1 1 1 2
19 Male 340 3 Absent 2 0 1 2
23 Female 300 5 Absent 1 2 2 2
24 Female 295 4 Absent 1 2 2 3
Figure 2 - Slide showing strong intimal proliferation, which led
to luminal stenosis (rat No. 24).
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At present, a tendency exists for the use of a single surgery
(3) because an increased rate of complications, including
venous graft occlusions, has been observed when both
procedures are performed separately (17,21).
Our study demonstrated complete patency of the venous
grafts in the first two weeks after surgery, and the histo-
logical analysis indicated that significant intimal prolifera-
tion started to become apparent three weeks after surgery.
These results corroborate the preference for the simultaneous
performance of vascular loop and free flap reconstruction.
We observed that the failure rate of venous grafts related
to intimal proliferation increased with the duration of
the postoperative period. Therefore, performing definitive
surgery without changes in the intima is safer.
Overall, autonomization of flaps was observed two to
three weeks after surgery, which is the period necessary
for the release of pedicle flaps, such as cross-leg flaps (22).
Therefore, in cases of venous graft occlusion, flap loss would
not occur after this period in single-stage procedures (loop
and free flap reconstruction).
It was not our aim to determine the period of venous graft
occlusion in medical practice because the time intervals
observed in previous studies did not correspond to the inter-
vals found in humans. However, our study suggests that the
simultaneous execution of both procedures is safer because
the vessel that receives the flap does not exhibit histological
alterations that cause occlusions over time.
We noted that intimal proliferation was the most sig-
nificant change in venous grafts during the postoperative
period and was directly correlated with graft occlusion.
Therefore, our results suggest that in cases in which vascular
loops are required for free flap reconstruction, both proce-
dures should be performed during the same surgery.
’ AUTHOR CONTRIBUTIONS
Paulos RG designed the study and performed the surgeries. Rudelli BA
analyzed the data and prepared the manuscript. Filippe RZ is the
pathologist responsible for all the histopathological examinations. Santos
GB ensured that the study followed the guidelines of the Brazilian College
of Animal Experimentation (1999) for approval by the Research Ethics
Committee. Herrera AA edited the manuscript. Ribeiro AA collected the
data and created the tables. Rezende MR revised the manuscript. Hsiang-
Wei T supervised the surgical technique and prepared the manuscript.
Mattar-Jr R prepared and revised the manuscript.
’ REFERENCES
1. Wong CY, de Vries MR, Wang Y, van der Vorst JR, Vahrmeijer AL,
Zonneveld AJ, et al. Vascular remodeling and intimal hyperplasia in a
novel murine model of arteriovenous fistula failure. J Vasc Surg. 2014;
59(1):192-201.e1, http://dx.doi.org/10.1016/j.jvs.2013.02.242.
2. Oswald TM, Stover SA, Gerzenstein J, Lei MP, Zhang F, Muskett A, et al.
Immediate and delayed use of arteriovenous fistulae in microsurgical
flap procedures: a clinical series and review of published cases. Ann
Plast Surg. 2007;58(1): 61-3, http://dx.doi.org/10.1097/01.sap.0000250743.
78576.35.
3. Shipkov H, Traikova N, Voinov P, Boucher F, Braye F, Mojallal A.
Vascularloops in reconstructive microsurgery: A review of the literature.
Ann Chir Plast Esthet. 2014;59(1):1-8, http://dx.doi.org/10.1016/j.anplas.
2013.06.009.
4. Sterpetti AV, Cucina A, Lepidi S, Randone B, Corvino V, D’Angelo LS,
et al. Formation of myointimal hiperplasia and cytokine production in
experimental vein graft. Surgery. 1998;123(4):461-9, http://dx.doi.org/
10.1016/S0039-6060(98)70169-2.
5. Schleimer K, Grommes J, Greiner A, Jalaie H, Kalder J, Langer S, et al.
Training a sophisticated microsurgical technique: interposition of external
jugular vein graft in the common carotid artery in rats. J Vis Exp. 2012;
(69). pii:4124, http://dx.doi.org/10.1016/S0039-6060(98)70169-2.
6. Norberto JJ, Sidawy AN, Trad KS, Jones BA, Neville RF, Najjar SF, et al.
The protective effect of vein cuffed anastomoses is not mechanical in
origin. J Vasc Surg. 1995;21(4):558-64, http://dx.doi.org/10.1016/S0741-
5214(95)70187-7.
7. Perek B, Malinska A, Stefaniak S, Ostalska-Nowicka D, Misterski M,
Zabel M, et al. Predictive factors of late venous aortocoronary graft
failure: ultrastructural studies. PLoS One. 2013;8(8):e70628, http://dx.doi.
org/10.1371/journal.pone.0070628.
8. Berard X, Déglise S, Alonso F, Saucy F, Meda P, Bordenave L, et al. Role of
hemodynamic forces in the ex vivo arterialization of human saphenous
veins. J Vasc Surg. 2013;57(5):1371-82, http://dx.doi.org/10.1016/j.jvs.
2012.09.041.
9. Yayla Ç, Canpolat U, Akyel A, Yayla KG, Yilmaz S, Ac¸ikgöz SK, et al.
Association Between Platelet to Lymphocyte Ratio and Saphenous Vein
Graft Disease. Angiology. 2016;67(2):133-8, http://dx.doi.org/10.1177/
0003319715578258.
10. Dog˘an M, Akyel A, Cimen T, Öksüz F, Celik IE, Aytürk M, et al. Rela-
tionship between neutrophil-to-lymphocyte ratio and saphenous vein
graft disease in patients with coronary bypass. Clin Appl Thromb
Hemost. 2015;21(1):25-9, http://dx.doi.org/10.1177/1076029613488935.
11. Une D, Kulik A, Voisine P, Le May M, Ruel M. Correlates of saphenous
vein graft hyperplasia and occlusion 1 year after coronary artery bypass
grafting: analysis from the CASCADE randomized trial. Circulation.
2013;128(11 Suppl 1):S213-8, http://dx.doi.org/10.1016/S0039-6060(98)
70169-2.
12. Loop FD, Golding LR, MacMillan JP, Cosgrove DM, Lytle BW, Sheldon
WC. Coronary artery surgery in women compared with men: analyses of
risks and long-term results. J Am Coll Cardiol. 1983;1(2 Pt 1):383-90,
http://dx.doi.org/10.1016/S0039-6060(98)70169-2.
13. Zhang F, Oliva A, Kao SD, Newlin L, Buncke HJ. Microvascular vein
grafts in the rat cutaneous free-flap model. J Reconstr Microsurg. 1994;
10(4):229-33, http://dx.doi.org/10.1055/s-2007-1006589.
14. Reichenberger MA, Harenberg PS, Pelzer M, Gazyakan E, Ryssel H,
Germann G, et al. Arteriovenous loops in microsurgical free tissue
transfer in reconstruction of central sternal defects. J Thorac Cardiovasc
Surg. 2010;140(6):1283-7, http://dx.doi.org/10.1016/j.jtcvs.2010.05.019.
15. Brüner S, Bickert B, Sauerbier M, Germann G. Concept of arteriovenous
loupes in high-risk free-tissue transfer: history and clinical experiences.
Microsurgery. 2004;24(2):104-13, http://dx.doi.org/10.1002/micr.20006.
16. Engel H, Pelzer M, Sauerbier M, Germann G, Heitmann C. An innovative
treatment concept for free flap reconstruction of complex central chest
wall defects--the cephalic-thoraco-acromial (CTA) loop. Microsurgery.
2007;27(5): 481-6, http://dx.doi.org/10.1002/micr.20391.
17. Lin CH, Mardini S, Lin YT, Yeh JT, Wei FC, Chen HC. Sixty-five clinical
cases of free tissue transfer using long arteriovenous fistulas or vein
grafts. J Trauma. 2004;56(5):1107-17, http://dx.doi.org/10.1097/01.TA.
0000114637.29779.AB.
18. Angel MF, Chang B, Clark N, Wong L, Ringelman P, Manson PN. Further
clinical use of the interposition arteriovenous loop graft in free tissue
transfers. Microsurgery. 1993;14(8):479-81, http://dx.doi.org/10.1002/micr.
1920140803.
19. Lind B, McCarthy W, Derman G, Jacobs C. Arteriovenous loop grafts
for free tissue transfer. Vasc Endovascular Surg. 2012;46(1):30-3, http://
dx.doi.org/10.1177/1538574411418843.
20. Freedman AM, Meland NB. Arteriovenous shunts in free vascularized
tissue transfer for extremity reconstruction. Ann Plast Surg. 1989;23(2):
123-8, http://dx.doi.org/10.1097/00000637-198908000-00005.
21. Cavadas PC. Arteriovenous vascular loops in free flap reconstruction of
the extremities. Plast Reconstr Surg. 2008;121(2):514-20, http://dx.doi.
org/10.1097/01.prs.0000297634.53915.e5.
22. Georgescu AV, Irina C, Ileana M. Cross-leg tibial posterior perforator flap.
Microsurgery. 2007;27(5):379-83, http://dx.doi.org/10.1002/micr.20375.
542
Histological changes in vascular loops
Paulos RG et al.
CLINICS 2017;72(9):538-542
